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available for scrutiny was of LOW quality by GRADE, which prompted the recommendation for higher
quality evaluative studies. The last 10 questions focused on technical questions and the recommenda-
tions were based on literature review and expert panel opinion. Recommendations were made regarding
preoperative evaluation, bleeding controls, transection methods, anatomic approaches, and equipment.
Both experts and jury recognized the need for a formal structure of education for those interested in
performing major laparoscopic LLR because of the steep learning curve.
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A Systematic Review of the Impact of Dedicated Emergency
Surgical Services on Patient Outcomes
Prem Chana, MSc, MRCS, Elaine M. Burns, PhD, MRCS, Sonal Arora, PhD, MRCS,
Ara W. Darzi, MD, PC, KBE, FRS, FmedSci, HonFREng, FRCS, and Omar D. Faiz, MS, FRCSy
Objective: This review aims to assess the impact of implementing dedicated
emergency surgical services, in particular acute care surgery, on clinical
outcomes.
Background: The optimal model for delivering high-quality emergency sur-
gical care remains unknown. Acute Care Surgery (ACS) is a health care model
combining emergency general surgery, trauma, and critical care. It has been
adopted across the United States in the management of surgical emergencies.
Method: A systematic review was performed after PRISMA recommen-
dations using the MEDLINE, Embase, and Psych-Info databases. Studies
assessing different care models and institutional factors affecting the delivery
of emergency general surgery were included.
Results: Twenty-seven studies comprising 744,238 patients were included in
this review. In studies comparing ACS with traditional practice, mortality and
morbidity were improved. Moreover, time to senior review, delays to operat-
ing theater, and financial expenditure were often reduced. The elements of
ACS models varied but included senior clinicians present onsite during office
hours and dedicated to emergency care while on-call. Referrals were made to
specialist centers with primary surgical assessments taking place on surgical
admissions units rather than in the emergency department. Twenty-four-hour
access to dedicated emergency operating rooms was also described.
Conclusions: ACS models as well as centralized units and hospitals with
dedicated emergency operating rooms, access to radiology and intensive care
facilities (ITU) are all factors associated with improved clinical and financial
outcomes in the delivery of emergency general surgery. There is, however, no
consensus on the elements that constitute an ideal ACS model and how it can
be implemented into current surgical practice.
Keywords: emergency surgery, global, models of care, outcomes
(Ann Surg 2016;263:20–27)
H igh-profile reports such as Crossing the Quality Chasm andmore recently the English Francis Inquiry into the Mid-Staf-
fordshire NHS Foundation Trust have reiterated the importance of
patient safety in clinical care.1,2 Providing high-quality care to
emergency patients is particularly challenging given the unpredict-
able nature of the workload coupled with the need for rapid and
efficient access to definitive care with decision-making undertaken
by experienced clinicians.3
Surgeons across the world face specific challenges in provid-
ing safe emergency care. Emergency surgery in the United States has
faced significant challenges to workforce and resource planning
during the restructuring of trauma services over the past 2 decades.
To maintain their practice and skills, trauma surgeons have devel-
oped a new specialty, Acute Care Surgery (ACS), encompassing
trauma, emergency general surgery, and surgical critical care in
centralized units. Subsequent improvements in patient outcome
has led to the restructuring of emergency surgical services across
the country.4
Across other health care systems, it is unclear which model of
emergency surgical care offers the optimal balance between patient
need and economic constraints. Like many other countries, general
surgeons in the United Kingdom have traditionally managed both
elective and emergency patients simultaneously with emergency
patients contributing significantly to surgical workload.3 There is
now an increasing drive to deliver optimal outcomes in emergency
surgery from both patients and clinicians with public reporting of
surgeon and hospital outcomes.5 The associated pressure may result
in surgeons working on emergency rotas risking fatigue, stress, and
job dissatisfaction.6 It is also increasingly challenging for trainees
across Europe to gain sufficient competencies to deliver effective
emergency care.7 This is potentially more acute since the introduc-
tion of the European Working Time Directive that has limited
working hours to 48 hours per week, raising questions as to how
emergency services can be effectively delivered.7
In view of these issues, the delivery of emergency general
surgery (EGS) in the United Kingdom is being restructured to
encourage high-quality care. This need for change has been recog-
nized in consensus statements from The Royal College of Surgeons
of England and The Association of Surgeons of Great Britain and
Ireland.3,8 The UK National Emergency Laparotomy Audit is also
seeking to improve clinical standards and outcomes in the delivery of
EGS.9
Prior to the widespread implementation of dedicated emer-
gency surgical services, evidence of the efficacy of such a service is
needed. This review will explore the variation in models of emer-
gency surgical care delivery reported in the published literature and
assesses their impact on clinical processes and outcome.
METHOD
A systematic review of the English language literature was
performed in accordance with Preferred Reporting Items for System-
atic Reviews and Meta-analysis (PRISMA) recommendations10
(Appendix 1). Inclusion criteria were: empirical studies (both pro-
spective and retrospective) that assessed processes, models of care,
and structural factors affecting the delivery of EGS. Studies focusing
upon surgical decision-making and technical skills were excluded.
Key Definition
Emergency General surgery encompasses gastrointestinal
surgery performed on patients with acute conditions that may threaten
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life with the exclusion of urology, trauma, and vascular surgery. These
latter specialities are now established as independent subspecialties
with their own emergency services.11,12
Strategy
The MEDLINE, Embase, and Psych-Info databases were
searched for abstracts and articles published in English over a 16-
year period between January 1997 and June 2014 according to a
predefined inclusion criteria. The search strategy (Appendix 2) was
based on keywords taken from key consensus statements as well as
documents commenting upon the delivery of EGS.3,8
Selection
Two authors (P.C. and E.M.B.) independently screened titles
followed by abstracts of the searched articles. Duplicates and those
papers not meeting the inclusion criteria were excluded. Any dis-
crepancies were discussed and reviewed by a third author (S.A.).
Papers were then screened by P.C., E.M.B., and S.A. Selected papers
were reviewed and data extracted. References of selected papers and
the grey literature were checked for any further relevant studies.
Data Extraction
A data extraction formwas created (including title, author, year
of publication, country of origin and hospital status). Individual
elements of the EGS model included in each study were extracted
including senior clinician shift patterns, onsite presence, site of
primary surgical assessment, access to radiology, emergency operating
rooms, and intensive care facilities. The following end points were
assessed: morbidity, mortality, length of stay, cost-effectiveness, time
to primary surgical review, and time to theatre as well as opportunities
for training. The correlation between differentmodels of care used and
outcomes were analyzed.
Quality Assessment
The Newcastle-Ottawa Scale, a validated tool for assessing
nonrandomized studies was used to assess the quality of included
studies.13
RESULTS
Study Characteristics
A total of 27 studies comprising 744,238 patients were
included (Table 1).14–40 Of the included studies, 12 were from the
United States,14–19,21,28–30,34,35 7 from Australia,20,22,23,25,31,38,40 4
from the United Kingdom,24,36,37,39 and 1 from each of Ireland,27
New Zealand,32 Norway,33 and Canada.26 All 27 studies were
retrospective. Quality of included studies varied from 4 to 8 stars
on the basis of the Newcastle-Ottawa Scale (Table 1).
Three studies assessed outcome specifically in emergency
colorectal surgical patients.14,33,37 In the remaining studies, the
surgical procedures analyzed varied but mainly comprised appen-
dectomy and cholecystectomy (Table 1).
Sixteen studies compared outcomes from 2 different care
models,14–29 whereas 11 studies described a single model of
care.30–40 Thirteen studies compared an ACSmodel with a traditional
model.14–26 Of these, one (n¼ 1162) demonstrated a statistically
significant reduction in mortality in ACS models (2%) compared
TABLE 1. Demographics of Included Studies
Reference Country Year Model of Care Specialty Pathology No. Patients Quality
Schuster et al14 USA 1999–2006 Acute Care vs Traditional Model Colorectal Benign and Cancer 283 
Britt et al15 USA 2006–2008 Acute Care vs Traditional Model EGS Gallbladder 186 
Cubas et al16 USA 2009–2011 Acute Care vs Traditional Model EGS Appendicitis Cholecystitis 288 
Diaz et al (A)17 USA 2004–2009 Acute Care vs Traditional Model EGS — 1162 
Dultz et al18 USA 2006–2008 Acute Care vs Traditional Model EGS Appendicitis Cholecystitis 555 
Earley et al19 USA 1999–2002 Acute Care vs Traditional Model EGS Appendicitis 294 
Gandy et al20 Australia 2004–2007 Acute Care vs Traditional Model EGS Appendicitis 402 
Lau et al21 USA 2008–2010 Acute Care vs Traditional Model EGS Cholecystitis 152 
Lehane et al22 Australia 2003–2007 Acute Care vs Traditional Model EGS Cholecystitis 202 
Pepingco et al23 Australia 2004–2008 Acute Care vs Traditional Model EGS Cholecystitis 271 
Sorelli et al24 UK 2004–2005 Acute Care vs Traditional Model EGS Appendicitis, Hernia 1622 
Suen et al25 Australia 2008–2012 Acute Care vs Traditional Model EGS Appendicitis 675 
Anantha et al26 Canada 2009–2010 Acute Care vs Traditional Model EGS Appendicitis, Cholecystitis 829 
Boyle et al27 Ireland 2009–2010 SAU vs Traditional Model EGS — 2882 
Diaz et al (B)28 USA 2003–2007 Faculty vs Fellow EGS — 1769 
Holena et al29 USA 2000–2006 TH vs NTH EGS GI, HPB 311,010 
Diaz et al (C)30 USA 2004–2008 Acute Care Model EGS — 3439 
Parasyn et al31 Australia 2005 Acute Care Model EGS — — 
Poole et al32 New Zealand 2009–2010 Acute Care Model EGS Cholecystitis 388 
Elshove-Blok33 Norway 2002–2003 Traditional Model Colorectal Benign and Cancer 196 
Dhupar et al34 USA 2004–2009 Traditional Model EGS Appendicitis 453 
Kelz et al35 USA 2001–2004 Traditional Model EGS — 7370 
Ward et al36 UK 2006–2007 Traditional Model EGS Appendicitis 242 
Faiz et al37 UK 2001–2005 Emergency Colorectal Colorectal Benign and Cancer 37,094 
Wong et al38 Australia 2003 Transfer to Regional Care EGS — 2778 
Symons et al39 UK 2000–2009 Hospital Resources EGS High-Risk EGS 367,796 
Stupart et al40 Australia 2010–2011 Dedicated Acute Operating Room EGS Appendicitis, Cholecystitis 1950 
Pathology: Primary condition(s) being assessed with the study; Quality: Score based on the Newcastle-Ottawa Scoring System; Benign and Cancer: Emergency surgery was
performed for both benign and malignant colorectal conditions; Gallbladder: Patients underwent surgery for a number of emergency biliary conditions including cholecystitis,
choledocholithiasis, and pancreatitis.
— indicates pathology not described.
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to traditional practice (5%).17 Four studies also demonstrated a
statistically significant reduction in postoperative complications in
ACS models.16,20–22 Three studies showed a significant reduction in
time to surgical review, median reduction of 3.1 hours16,23 with 6
reporting a median reduction of 7.1 hours in time to theatre16,19,21–23
and 5 showing a reduction in out of hours operating.20,24 Seven studies
described a reduction in length of stay with a median reduction of 1.2
days demonstrated in ACS models.15–19,21,22 Overall, the ACS
models were associated with reduced costs in 5 of the included
studies.16–18,24,40
Although 14 studies described ACS models, there was no
consensus as to what constitutes an ideal ACS service. A majority
(23) of the included studies were conducted in teaching hospitals.
One study compared outcomes in teaching hospital with nonteaching
hospitals.29 One study compared volume status of different hospitals
and subsequent outcomes in emergency colorectal surgery37 and 1
study assessed the impact of access to radiology and ITU on
mortality in the context of an EGS.39 Holena and colleagues
suggested that the higher mortality rate demonstrated in teaching
hospitals was due to the more complex caseload. Teaching hospitals
did have a lower complication rate.29 Hospital caseload did not
impact on outcomes following emergency colorectal surgery.37
Structural Factors Affecting Care (Table 2)
The working patterns for senior clinicians in EGS were
reported in 10 studies.16,18–24,31,32 Two studies described 24-hour
on-site attending cover,18,19 whereas 8 described on-site cover during
office hours.16,20–24,31,33 All 10 studies stated that attendings were
cleared of elective duties while on-call. Five of these showed that the
increased availability of experienced clinicians was associated with a
reduction in time to review and time to theater as well as reduced
complication rates and length of stay.
Eight studies described the length of on-call shifts and
the frequency of handovers of care between senior
surgeons.16,19,20,22,27,30–32 This ranged from twice daily patient
handovers to weekly handovers.
Three studies described the introduction of a surgical admis-
sions unit (SAU) as a primary site for surgical review, avoiding the
need for stays in the emergency department. Such units resulted in
the streamlining of emergency services and avoided delays.24,27,38
Boyle and colleagues suggested that the introduction of such a unit
was associated with a reduction of an average of 4 hours in time to
theater.27 Sorelli et al24 showed that the implementation of a SAU
model led to a reduction in out of hours operating with significant
financial savings for their unit of £90,000 per annum. Wong et al36
described the use of an SAU for all EGS admissions in their unit,
whereas Anantha et al26 displayed the highest cost saving of
$343,680 over a year by introducing an ACS model with use of a
SAU that ultimately reduced out of hours operating.
Three studies reported on the presence of a dedicated emer-
gency operating room20,31,32 with improved clinical outcomes. One
study described the availability of radiology services and its effect on
acute surgical admissions, with improved outcomes seen in centers
with increased access to radiology services.39
TABLE 2. A Summary of Structural Factors Affecting the Delivery of EGS In Hospitals Included Within This Review
Reference
Attending
Cover
Attending
Work
Pattern
Regional
Centralization
Access to
Emergency
Operating
Room
Elective
Commitments
of On-call
Surgeon
Site of Primary
Surgical
Assessment
Schuster et al14 — — — — — —
Britt et al15 — — — — — —
Cubas et al16 Onsite until 17:00 Twice daily — — Cleared ED
Diaz et al (A)17 — — Regional — — —
Dultz et al18 Onsite 24/7 — — — Cleared —
Earley et al19 Onsite 24/7 Daily — — — —
Gandy et al20 Onsite until 17:00 3 per week — 24 hr Cleared —
Lau et al21 Onsite until 18:00 — — — Cleared —
Lehane et al22 Onsite until 18:00 3 per week — — Cleared —
Pepingco et al23 Onsite until 19:00 — — — Cleared —
Sorelli et al24 Onsite until 17:00 — — — Cleared SAU
Suen et al25 Onsite until 18:00 Weekly — Shared Cleared ED
Anantha et al26 — 2 per week — 24 hour Cleared —
Boyle et al27 — Weekly Regional — Cleared SAU
Diaz et al (B)28 — — — — — —
Holena et al29 — — — — — —
Diaz et al (C)30 — Weekly — — — —
Parasyn et al31 Onsite until 18:00 3 per week — 24 hr Cleared —
Poole et al32 Onsite until 17:00 Daily — 08:00–17:00 Cleared —
Elshove-Blok33 — — — — — —
Dhupar et al34 — — — — — —
Keltz et al35 — — — — — —
Ward et al36 — — 2-site trust — — Either hospital
Faiz et al37 — — — — — —
Wong et al38 — — Regional — — SAU
Symons et al39 — — — — — —
Stupart et al40 — — — — — —
Attending Cover: Presence of attending while on-call, if not onsite taking calls from home; Attending Work Pattern: Frequency of attending level handovers; Regional
Centralization: Referrals to specialist center from local hospitals; Two-site Trust: Hospital split across 2 sites (one site had emergency department); Shared: Emergency Operating Room
shared between multiple specialties during daytime.
— indicates not described.
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The Impact of EGS on Outcome (Tables 3 and 4)
Mortality
Sixteen studies reported on mortality.14,16,17,20,22,23,27–30,
32–34,37,38 Seven of these articles reported no deaths.16,20,22,23,27,32,34
These studies assessed outcomes following low-mortality procedures
(appendectomy and cholecystectomy). Diaz et al (A)17 demonstrated
a 3% reduction in mortality by developing a centralized ACS service
for general surgical admissions compared to traditional practice
(n¼ 1162 with P¼ 0.01). Schuster et al14 showed that ACS surgeons
performed emergency colorectal resections with similar adjusted
mortality outcomes as specialized colorectal surgeons. Diaz et al (B)
did not demonstrate any difference in mortality between senior
surgeons (n¼ 64/1543) and fellows (n¼ 10/226) when operating
on EGS patients in an ACS model (4% in each group).28 Holena
et al29 showed a significant increase in mortality in patients under-
going emergency surgery in teaching hospitals (3984 of 142,297)
compared to nonteaching hospitals (3880 of 16,871) although the
authors suggested that the teaching hospital was exposed to a more
complex and high-risk caseload.
Complications
Nine studies reported on postoperative complications.14,16,20–
23,29,32,33 Lau and Lehane21 in their articles demonstrated a signifi-
cant reduction in postoperative complications among patients under-
going emergency cholecystectomy in an ACS model compared to
traditional practice.22 Cubas et al16 demonstrated improved out-
comes after cholecystectomy. Both Cubas et al16 and Gandy
et al20 observed significant reductions in complications after appen-
dectomy in ACS models compared to traditional practice. Holena
et al29 demonstrated that although mortality rates were increased in
teaching hospitals, postoperative complications were lower when
compared with those undergoing surgery in nonteaching hospitals.
Timing of Management
Time-to-review was subdivided into time to surgical review
from referral and time to the operating room from referral. Three
studies reported upon time to surgical review in ACS models
compared to traditional practice.16,19,23 These studies demonstrated
a reduction in average time to review ranging from 0.2 to 5.8 hours,
with a mean reduction on 3.05 hours to review.
Time to the operating room was reported in 11
studies.14–16,19–23,25,30,34 Of those comparing 2 models of care, 5
of 7 studies showed a significant reduction in waiting times in
ACS models.16,19,21–23 Reduction in waiting time ranged from
0.3 to 72 hours, with a mean reduction in waiting time to surgery
of 14.2 hours seen in ACS models.
Length of Stay
Fourteen studies assessed length of stay14–22,25,26,30,32,34 with
12 studies comparing ACS with traditional models of care. Of these
12 studies, 8 demonstrated a reduction in length of stay in ACS
models,15–22 2 did not show any difference,25,26 and 2 showed an
increased length of stay in ACS models.14,20
Financial Cost
Five studies reported on costs associated with EGS admis-
sions.16–18,24,32 Four showed a reduction in costs associated with the
introduction of an ACSmodel.16–18,24 Dhupar et al34 reported that on
average delays to theater in appendicitis led to increased cost of stay
of $2696. Sorelli et al24 described the benefits of a consultant led
ACS service leading to potential reductions of £90,000 per annum in
a single institution. Anantha et al26 showed how an ACS model could
reduce out of hours operating and showed subsequent savings of
$343,680 over a year.
Timing of Surgery
Five studies showed that ACS models demonstrated a greater
proportion of operating during daylight hours than traditional
models.20,24–26,40 Three further noncomparative studies showed that
this was linked to reduced morbidity in patients undergoing surgery
in daylight hours.29,31,33 Stupart et al described dedicated operating
rooms being associated with greater day-time operating and sub-
sequent improved attending satisfaction.40
DISCUSSION
This systematic review has demonstrated that the utilization of
ACS models within the included studies was associated with
improved outcomes in the delivery of EGS, often at a reduced cost.
Although there was no consensus on the optimal ACS model to
deliver high-quality EGS services, the following factors were
described:
 Senior surgeons on-site during office hours and taking calls from
home but available to return to hospital out of hours
 Surgeons being cleared of elective commitments while on-call
 24-hour access to an emergency operating room
 Three handovers during the week (1 midweek, 1 at the beginning,
and 1 at the end of the weekend)
 Triage of patients in SAU rather than in the emergency room
 Referrals to regional specialist centers
This model may be a potential template for future planning
and delivery of EGS services across the world.
This review builds upon recommendations from previously
published consensus statements assessing the delivery of EGS.3,4 It is
unique as the first systematic review, which highlights the need for
improving structural factors by focusing upon different models of
care and their effect on outcomes. A recent meta-analysis by
Nagaraja et al41 compared outcomes in the context of ACS to
traditional models of care, showing favorable outcomes in ACS.
Nagaraja and colleagues did not, however, unpick the important
constituent elements of the ACS models within their analysis. This
review aimed to assess a wide range of outcomes from a broad case
mix therefore giving a greater overview of factors contributing to
high-quality EGS delivery. These factors included the impact of
teaching hospital status, volume outcome relationships, and access to
support facilities such as radiology and ITU. Modifying the delivery
of services not only improves patient outcomes but also is an
achievable target that can result in financial savings for hospitals
globally as demonstrated in this review.24 However, by demonstrat-
ing very favorable outcomes toward ACS, the results seen in this
review and the meta-analysis by Nagaraja may reflect an element of
reporting bias in the included studies to justify the adoption of ACS
models in their hospitals.
Although steps are being taken to implement change and hone
practice, much needs to be done to ensure standards continue to
improve.2 Morbidity and mortality figures described remain high
highlighting the need for further improvements to reduce the burden
associated with EGS.3
Previously published work has established that increased
senior clinician availability improves patient outcome.3,4 How this
should be achieved effectively in the delivery of EGS is not fully
understood. The introduction of the dedicated emergency general
surgeon as a recognized subspecialist may be a catalyst for changing
attitudes and allocating resources toward emergency surgical care.
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The variability in the working pattern and length of surgeons’ on-call
shifts in EGSwas highlighted in this review. Little is known about the
optimal working pattern for clinicians to provide high-quality, safe
emergency surgical care and this requires further attention.
Issues surrounding handover of patient care between shifts
were poorly described. The safety risks associated with inadequate
handovers have already been highlighted previously.3 This is particu-
larly important in the emergency setting where handovers are
frequent and a patient’s clinical condition can rapidly change.3
The quality of handover was poorly reported in the included studies.
Studies by Gandy et al20 and Poole et al32 were the only papers to
clearly describe a formal handover system for patients who had not
been resolved by the end of a shift. Each demonstrated improved
outcomes after the implementation of ACS models with systems for
formal handover.
This review was limited by a relative scarcity of published
comparative high-quality studies in this area. All of the data included
were retrospective and none of the studies described the use and
impact of all of the structural factors being assessed. Studies included
were from the developed world, therefore limiting more global
recommendations. Assessing outcomes from a number of countries
may also limit this review, as different health care systems may not
have comparable resource allocation toward EGS delivery. This may
make a meaningful comparison of outcomes difficult particularly
when assessing the financial implications of modifying EGS serv-
ices. Therefore, as well as assessing the cost of dedicated EGS
pathways, this review also examined length of stay as a more
comparable outcome measure across health care systems.
The review focused on the delivery of EGS, as such trauma
vascular surgery and urology were excluded. In most of the devel-
oped world, vascular surgery and urology are recognized independ-
ent specialties and therefore provide separate emergency cover from
general surgery.11 Trauma was also excluded from this review, EGS
is increasing being delivered by ACS teams in the United States, and
surgeons will therefore maintain a significant trauma interest (as
ACS consists of EGS, trauma, and surgical critical care). The concern
as to whether the broad nature of ACS may affect outcomes in EGS
when compared to outcomes from specialist gastrointestinal sur-
geons who deliver EGS services in the United Kingdom and Europe
was addressed by Schuster et al, who demonstrated that ACS
surgeons had similar risk-adjusted mortality for emergency color-
ectal procedures as colorectal surgeons. The higher crude mortality
was attributed to ACS surgeons seeing a more complex caseload of
emergency presentations.14 The review also focused upon patients
who underwent surgical procedures. Surgeons assume responsibility
for a number of clinical conditions, many of which can be complex
and do not always require surgical intervention, an example being
acute pancreatitis. Therefore, this review may not provide an accu-
rate reflection of a surgeon’s true workload.
A further limitation is that the universal translation of the ACS
model into different health care environments was not addressed by
the studies included within the review. ACS requires investment both
in terms of hospital structure as well as human resources (eg,
providing dedicated emergency operating rooms and employing
enough senior surgeons to be cleared of elective commitments when
on-call). This investment may be suitable in densely populated
metropolitan areas, where the demand for acute care services makes
increased resource allocation economically viable; however,
in remotely populated rural areas, ACS may not be financially
sustainable.
A broad heterogeneity in conditions seen in EGS was ident-
ified; clinical conditions such as appendicitis and cholecystitis are
not often associated with poor outcomes and therefore it was
unsurprising to see low mortality in these studies.16,20–23,27,32,34
However, this review also commented upon complex colorectal
emergencies, which are often associated with poor outcomes and
mortality rates of more than 20% were described.32 Although such
variation in caseload and associated outcomes may be seen as a
limitation of the review, reporting this heterogeneity was deemed
necessary to provide an accurate overview of current practice in EGS.
Although many of the included studies commented upon and
compared outcomes between the described health care models,
various confounders that influence outcome were not always
explored. An example being mortality, to fully understand mortality
numerous factors including the following need to be considered:
patient demographics, complexity of cases, and institutional factors
such as nursing ratios and access to radiology and intensive care.
Similar assessment of potential confounders is required when ana-
lyzing the other outcomes included in this review. For studies to
accurately compare outcomes between 2 cohorts (ACS and
traditional practice), they should be case matched and risk adjusted.
Holena et al29 concluded that teaching hospitals have a greater
mortality than nonteaching hospitals. This statement is not in keeping
with established literature and practice; however, on closer inspec-
tion of the results, it is clear that the teaching hospitals included in the
study were seeing a more complex caseload. The authors also
described a greater involvement of trainees in the care of emergency
patients in teaching hospitals, which differed from nonteaching
hospitals where care tended to be senior lead. A combination of
these factors was used to explain the higher mortality rates seen in the
study; were the patients from each cohort more accurately matched in
a prospective study the results may have differed.
Overall, the introduction of ACS models seems to have had a
positive effect on the delivery of EGS within the studies included in
TABLE 4. Outcomes Reported in Studies Describing Single Models of Care in EGS
Reference Number Deaths (%) Complications (%)
Time to
Review
(Hours)
Time to
Surgery
(Hours)
Length
of Stay
(Days)
Cost-
effectiveness
Out of
Hours
Operating
Diaz et al (C)30 3439 94 (3) — — — — — —
Parasyn et al31 — — — — — — — Present
Poole et al32 388 0 3 (1) — 72.0 5.0 — —
Elshove-Bolk et al33 196 46 (23) 77 (39) — — — — Present
Dhupar et al34 453 0 — — — 1.4 þ$2696 —
Kelz et al35 7370 — — — — — — Present
Ward et al36 242 — — — 19.3 — — —
Faiz et al37 37,094 10,757 (29) — — — — — —
Wong et al38 2778 81 (3) — — — — — —
Symons et al 39 36,796 57,376 (15.6) — — — — — —
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this review; however, which elements of ACSmodels contribute most
to improving outcomes is not fully understood. A similar picture has
been seen with the introduction of enhanced recovery programs
(ERP) after major gastrointestinal surgery.40 ERP has been associ-
ated with improved outcomes but which components of the pathway
have the greatest impact upon outcome is not known. An under-
standing of this is important as resources can be directed to the
elements with the greatest potential for improving outcomes.42 It
may be that ACS and ERP alone are not responsible for the improved
outcomes seen, however, hospitals who engage in such innovations
place greater emphasis on quality improvement leading to a gener-
alized improvement in standards and subsequent outcomes.
This review generated questions that provide significant
implications for the delivery of EGS affecting clinicians and policy
makers. It highlights the need for improvements and standardization
of care looking at not only work force planning but also the structures
and processes available in hospitals to ensure the safe and efficient
transition of patients during each stage of their admission. Before
change is implemented into clinical practice, further work needs to
be conducted in finding an optimal model of ACS and its impact on
clinical outcome.
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APPENDIX 1. PRISMA Diagram of Systematic
Review
APPENDIX 2. Key Search Terms for Literature
Review
(1) Emergency surgery
(2) ‘‘General surgery’’ (mesh)
(3) ‘‘Health care sector’’ (mesh)
(4) ‘‘Surgery department, hospital’’ (mesh)
(5) Acute surgery
(6) Organization
(7) ‘‘Health Care Sector’’ (mesh)
(8) ‘‘Operating Room Information Systems’’ (mesh)
(9) ‘‘Health Personnel’’ (mesh)
(10) ‘‘Emergency Service, Hospital’’ (mesh)
(11) ‘‘Models, Organizational’’ (mesh)
(12) ‘‘Emergency Medical Services’’ (mesh)
(13) ‘‘Quality of Health Care’’ (mesh)
(14) ‘‘Health Resources’’ (mesh)
(15) ‘‘Health Manpower’’ (mesh)
(16) ‘‘Health Planning’’ (mesh)
(17) ‘‘Quality of Health Care’’ (mesh)
(18) ‘‘Health Care Quality, Access, and Evaluation’’ (mesh)
(19) ‘‘Regional Medical Programs’’ (mesh)
(20) ‘‘Quality Improvement’’ (mesh)
(21) ‘‘Specialization’’ (mesh)
(22) ‘‘Health Services Research’’ (mesh)
(23) ‘‘Patient Preference’’ (mesh)
(24) ‘‘Quality-Adjusted Life Years’’ (mesh)
(25) ‘‘Patient Safety’’ (mesh)
(26) Provision
(27) Model
(28) Service
(29) Surgical care
(30) Factors
(31) Structure
(32) Resource
(33) Systems
(34) Optimization
(35) Staffing
(36) Quality
(37) Quality improvement
(38) Specialization
(39) Impact
(40) Centralization
(41) Regionalization
(42) Tertiary care
(43) Quaternary care
(44) Outcome
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